AbsTrACT background Drug-drug interactions are a major source of adverse drug events (ADEs). Polypharmacy, age and the number of comorbid conditions are important predictors of adverse drug interactions. ADEs account for up to 5% of hospital admissions per year and an increase in the length of hospital stay. Objective To find the prevalence and predictors of potential drug-drug interactions (pDDIs) in patients admitted to the wards of an internal medicine department of a tertiary care hospital. Method Patients admitted to internal medicine wards with prescriptions having more than one drug were selected. Demographic details including age, gender, number of comorbid conditions, number of drugs prescribed and the disease for which the patient was admitted were recorded in a case record form. Interactions were checked using Micromedex DrugReax software. results A total of 939 patients were recruited for this study based on inclusion criteria. 433 prescriptions (46%) had one or more pDDIs, with a range of 1-13 drug interactions per prescription. A total of 1395 drug interactions were found, with 866 moderate drug interactions (62%), 435 major interactions (31.1%) and 89 minor interactions (6.3%). During the study period only three contraindicated drug combinations (0.2%) were recorded. A significant association (p<0.01) was found between the number of pDDIs and predictors, age and number of drugs. Conclusion A total of 433 prescriptions (46%) had one or more pDDIs. Older patients and those prescribed >6 drugs are at major risk for occurrence of pDDIs. Moderate severity interactions were the highest number followed by major severity interactions.
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InTrOduCTIOn
Adverse drug event (ADE)-related hospital admissions range from 0.37% to 27.4% and preventable ADEs are responsible for 17.5-85.7% of intensive care unit (ICU) admissions. 1 Drug-drug interactions (DDIs) are responsible for 6-30% of all adverse drug reactions (ADRs) and 2.8% of ADR-related hospital admissions are due to DDIs.
2 DDI-related ADRs are preventable. ADEs are responsible for up to 5% of hospital admissions every year, with an approximate cost of $16 000 per hospitalisation. 3 DDIs are preventable medication-related problems, which are the main cause of ADRs. 4 Adverse drug interactions lead to an increase in patients' length of hospital stay and healthcare cost. 5 A DDI is one which alters the pharmacokinetic (PK) and/or pharmacodynamic (PD) profile of either drug when two drugs are administered together. The intensity of the harm may be severe or low depending on the patients' characteristics. 2 Polypharmacy is a major concern since an increase in the number of drugs per prescription increases the risk of a DDI. 6 The risk of pDDIs has been estimated at approximately 6% with two drugs, 50% with five drugs and 100% with eight drugs when used concomitantly. Interactions are labelled as potentially clinically significant when the combination of drugs leads to therapeutic failure or worsening of the patient's condition. 7 In India the prevalence of pDDIs ranges from 8.3% to 63%. 2 7-10 Globally, the prevalence of pDDIs ranges from 2.8% to 63% depending on the study population and study setting. 3 5 11-14 Becker et al found that 0.54% of emergency visits, 0.57% of hospital admissions and 0.12% of patient re-hospitalistions were due to actual DDIs and 4.8% of the elderly admissions were due to drug interactions. 15 In our study setting pDDIs have not previously been estimated so this study was undertaken to find the prevalence and predictors of pDDIs in patients admitted to internal medicine wards of a tertiary care hospital using Micromedex DrugReax software V2.0.
MATerIAls And MeThOds study setting
A cross-sectional observational study was conducted in the four wards of the internal medicine department of a tertiary care hospital in Pondicherry, India. Prescriptions were hand written. Electronic prescribing and online DDI checking system was not in force in the study wards. Wards did not have clinical pharmacy services to monitor pDDIs in inpatients. The study was carried out from July 2014 to May 2015 and was approved by the institute scientific advisory committee and institute ethics committee (JIP/IEC/SC/2013/3/404).
Patients and data collection
Patients admitted to the internal medicine wards aged ≥13 years were the study participants. Patients were selected cross-sectionally by the convenient sampling method from four wards of internal medicine. Patients were chosen for the study if they were prescribed more than one drug. Participants' prescriptions were reviewed, scanned and kept for Original article drug interaction evaluation. Patient characteristics including age, gender, diagnosis, number of comorbidities and length of hospital stay were taken from case sheets and recorded on a specially designed case record form (CRF). Drug interactions were checked using Micromedex Drug-Reax software V2.0 (Truven Health Analytics, USA), an online drug interaction database. 16 Drugs prescribed to the patients were entered into the Micromedex software one by one. The software gave an output if any interaction was found between two concomitant drugs: level of severity, time of onset, level of scientific evidence for each interacting drug pair and clinical significance of each interaction. It also provides the drug-disease interaction. Drug interactions were categorised based on the severity as contraindicated, major, moderate and minor interactions. Patients' diagnoses and disease conditions were written by the respective clinicians in the patient case record and these were used to analyse the number of morbid and comorbid conditions. The patients' final diagnosis for which they were admitted to the wards was classified based on the World Health Organization International Classification of Diseases-10 (WHO-ICD-10) classification system.
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Data collection was done by a single author and duplication was avoided by careful selection.
severity of drug interaction Contraindicated
The combination of drugs should be avoided to prevent severe harm to the patient.
Major drug interaction
This interaction results in a serious reaction which requires medical intervention to prevent or minimise harm.
Moderate drug interaction
There may be harm so it should be monitored.
Minor drug interaction
No harm.
Onset of interaction Rapid
The effect of interaction occurs within 24 hours of administration of the drug pair.
Delayed
The effect of interaction occurs after more than 24 hours (ie, days to weeks) when administered together.
Patients' demographic details were noted. Prescriptions were analysed for the number of drugs prescribed per prescription, the number of pDDIs and the number of morbid/comorbid conditions per patient. Correlation frequency of pDDIs with age, the number of morbid and comorbid conditions and the number of drugs prescribed were analysed. The possible mechanism of action for DDIs was also taken into consideration. Regression analysis was performed to check the association of exposure to pDDIs and predictor variables.
statistical analysis
Age, number of male and female patients were expressed as mean±SD. Association of factors with pDDI was done using the Pearson correlation test. Logistic regression was undertaken to find the association of pDDIs with patients' age, gender, number of drugs prescribed, number of comorbid conditions and disease for which the patients were admitted. pDDI was the dependent variable in the model (0=absent, 1=present). Variables included in the analysis were age (1=<60 years of age, 2=≥60 years of age), gender (male=1, female=2), number of drugs prescribed per prescription (1=<7 drugs, 2=≥7 drugs) and patients' disease ICD classification. Descriptive statistics were done using Microsoft Excel 2010 and logistic regression and correlation were done using SPSS v20 (SPSS, Chicago, Illinois, USA).
resulTs
A total of 939 patients were recruited to the study, of which 552 (58.7%) were men and 387 (41.3%) were women. Patient demographic details are shown in table 1. The incidence of pDDIs was 46% (433/939) with a total of 1395 interactions. The number of pDDIs per prescription ranged from 0 to 13. Nine prescriptions had a maximum number of drugs prescribed (12 drugs per prescription), 12% (n=112) had <3 drugs per prescription, 60.6% (n=570) had 3-6 drugs per prescription and 27.3% (n=257) prescriptions had >6 drugs. Of the 257 patients prescribed >6 drugs, 218 patients had a minimum of one pDDI and 39 patients had no pDDI. Of the 682 prescriptions (72.6%) with ≤6 drugs, only 215 patients (31.5%) experienced a pDDI and the majority of patients (n=467, 68.4%) had no pDDIs.
The types and frequency of pDDI are presented in table 2. Interactions of moderate severity were higher than those of major or minor severity. Three combinations of contraindicated DDIs (0.2%) were found (see table 3 ) and a list of the top 10 drug interactions is shown in table 4. The frequency of patients admitted with different disease conditions, patients exposed to pDDIs and the total number of drug interactions related to each disease condition are presented in table 5. Regression analysis showed that patients aged >59 years with cardiovascular disease and prescribed ≥7 drugs were significantly associated with drug Regression analysis was performed to find a strong association between pDDIs and their factors. The results of the univariate and multivariate analysis are shown in table 6. A total of 221 patients had more than one comorbid condition. Univariate analysis shows that patients with more than one comorbid condition were significantly at risk to exposure to pDDIs with a significance of p<0.01, OR 2.21 (95% CI 1.6 to 2.9), but it was not significant in multivariate analysis. Patients aged >59 years, those prescribed >6 drugs and patients admitted with cardiovascular diseases were at a significantly higher risk for pDDIs both in univariate and multivariate analysis. Aspirin was the substrate for 31.6% of patients (n=441), atorvastatin for 10.3% (n=144) and clopidogrel for 6.2% (n=87) in all the pDDIs identified in the study participants.
dIsCussIOn
This study highlights the prevalence, types and predictors of pDDIs in internal medicine wards of a tertiary care hospital in India. In this study, 46% (n=433) of prescriptions had one or more pDDIs, ranging from 1 to 13 pDDIs per prescription. The prevalence of pDDIs is 46%, which is within the range reported in other studies (8.3-63%). 2 7-10 Compared with another study, the prevalence of pDDIs was less due to fewer prescriptions having >6 drugs (27.3%), but in a similar study it was 55.2%. 18 The average number of pDDIs per prescription was 1.4, which is similar to 1.6 reported by Ismail et al. 18 The incidence of major pDDIs was 31.1% (435/1395), moderate pDDIs was 62% (866/1395) and minor pDDIs was 6.3% (89/1395). Contraindicated drug combinations were very few (n=3, 0.2%). There were more pDDIs of moderate severity than major pDDIs, which is similar to other studies. 12 19 There was a significant association between the number of drugs and the frequency of pDDIs, which is also similar to other studies. 9 20 The association of pDDIs was significantly linear in proportion to the number of drugs, age and morbid condition.
Eleven of the admissions (1.1%) were related to ADEs, similar to a study reported by the Australian Institute of Health and Welfare which found that 1.3% of hospital admissions were due to ADEs. 21 Patients admitted due to cardiovascular disease had the highest number of ADEs (n=246, 26%), followed by patients with infectious diseases (n=128, 13.6%) and those with genitourinary disorders (n=102, 10.8%). This is similar to a study by Egger et al which found that cardiovascular disease was the main disease for patient admission to hospital (35.4%). 22 Age >59 years and prescriptions with >6 drugs were significantly associated with exposure to pDDIs. Patients admitted due to cardiovascular disease were also at a higher risk for drug interactions (p=0.001, OR 4.1 (95% CI 2.8 to 6.2)).
The highest number of prescriptions having pDDI were seen for patients with cardiovascular morbidities and is in concordance with other studies. 3 23 Patients with cardiac failure and myocardial infarction received the highest number of drugs, which favours a high potential for drug interactions, but those drugs are crucial in relieving disease symptoms.
14 Cardiovascular drugs contribute to the most frequent drug interactions. Aspirin and atorvastatin are at the top of the list. The most frequently seen major severity drug interaction was aspirin/clopidogrel combination (7.6%, n=106) and atorvastatin/clopidogrel also had the highest moderate severity interactions (8.3%, n=117). The frequency of pDDIs with digoxin/furosemide (1%, n=15) and enalapril/furosemide (1.9%, n=27) were lower than in an Iranian study which reported pDDIs in 5.9% (n=12) and 13.3% (n=27), respectively. 3 A total of 276 drug pairs were observed, 41.3% (n=114) were PD interactions, 38.7% (n=107) were (PK interactions and 19.9% (n=55) had an unknown mechanism. This observation is similar to Kapadia et al who also reported a higher number of PD interactions than PK interactions. 7 The onset of drug interactions in 46.3% (n=128) of drug pairs was of a delayed type, 13.7% (n=38) rapid and 39.8% n=(110) of drug combinations were not of any specified type.
This study found three contraindicated drug interactions (3/1395), which is similar to Kapadia et al who reported 5/3405 interactions 7 and Teixeira et al who found contraindicated drug interactions in 0.4% (3/827) of patients. 12 Our study has found a statistically significant positive association between age and the number of drug interactions, which Original article is in agreement with other studies. 12 The prevalence of pDDI increases with a rise in the number of drugs prescribed. Many studies have reported that polypharmacy contributes to an increased risk of drug interactions. 5 24 Cardiovascular patients were at an increased risk for pDDIs; this may be due to patients being older and prescribed multiple drugs. 25 We could not find any significant association between gender and frequency of pDDIs, which is similar to another study. 18 Age >59 years is a significant risk factor for drug interactions. Patients with >6 drugs are at a higher risk for drug interactions. Patients admitted with more than one comorbidity had a 1.7 times higher risk of a drug interaction. Patients admitted due to cardiovascular disease had the highest number of interactions (56.8% (793/1395) of all interactions). This is similar to other studies reported worldwide. 3 13 14 Clopidogrel is a prodrug which acts by inhibiting platelet activation via ADP receptors. It is metabolised by the CYP3A4 enzyme to an active metabolite. Only a minimal amount of the clopidogrel prodrug converts into an active form. Other CYP3A4 substrates like atorvastatin can alter the metabolism of clopidogrel and formation of active thiol metabolite. The antiplatelet activity of clopidogrel depends on the extent of active metabolite available in the system. This will be influenced by the individual CYP3A4 activity or presence of the other CYP3A4 substrates. 26 27 In our study, clopidogrel and atorvastatin (both CYP3A4 substrates) were prescribed together, and this was the maximally prescribed moderate type of pDDI. Prescribing these drugs together reduces the activity of clopidogrel and attenuates the platelet inhibitory activity. 28 The combination of clopidogrel and aspirin has a significant risk reduction in stroke but may increase the risk of bleeding, intracranial haemorrhage and major bleeding. 29 30 Of the interactions found in our study, 7.6% were with clopidogrel and aspirin. This is the major drug-drug interaction seen frequently.
The drug interaction and clinical significance depends on the drug dosage, duration of concomitant use of drugs, patient factors like hepatic metabolism and renal clearance. Besides the prescribed potentially interacting drugs, other drugs are also prescribed to counteract the adverse effect of the drug combination, but those may not be considered by the drug interaction software. Patient factors also were not considered in this while checking the drug interactions using software. Timing and sequence of drug administration and patient factors can play a significant role in the outcome of ADEs. Since these are not included in the drug interaction 
